From the analysis of thermistor chain data recorded in a small clongatcd lake, compared with the results of numerical simulations, second vertical modes of the internal scichcs are shown to be active during more than twothirds of the whole stratifcd period, although no rcsonancc with the wind is observed. On the other hand, due to the wind pattern, transversal seiches (mainly the first vertical mode) are also usually excited and they somctimcs dominate. At the end of the stratified period, however, when the thermocline is very sharp, first vertical modeslongitudinal and transversal-are the only ones that are excited. Finally, due to the wind, a forced oscillation of the whole lake is excited.
After Mortimer (1952) , who brought up to date both the earlier descriptions of internal seiches in Loch Ness (Watson 1904) and their further interpretations (Schmidt 1908; Wedderburn 1907; Wedderburn and Young 1915) , internal seiches have been recognized as an everyday feature of movement in stratified water systems subject to wind action (Marmorino and Mortimer 1978; Hutter 1993; Korgen 1995) . Now, the relevance of the internal seiches is widely documented: the structure of the horizontal velocities in the water column may determine the regions where the shear is strong enough to create instabilities leading to turbulence that might facilitate the resuspension of bottom sediments (Wiegand and Chamberlain 1987) ; the periodic vertical displacements of the internal seiches can advect the suspended algal cells, forcing them to be exposed to variations in light intensity (Webster 1990; Gaedke and Schimmele 1990) ; and internal scichcs greatly support the flux path of the transference of energy from the wind to the hypolimnion (Imberger 1994) .
The importance of internal seiches is greater due to the fact that once they are set up they persist, even if the wind stops, until the momentum is diffused. Knowledge of the nodal structure of the energy spectra, in the frequency bandwidth where the energy arises mainly from stationary waves directly established by the wind, is relevant to understanding the global behavior of a lake. However, although it is well known that the response of a lake to the wind Forcing may be different to first vertical modes, higher vertical modes are poorly documented apart from some examples (LaZerte 1980; Wiegand and Chamberlain 1987; Mtinnich et al. 1992) .
With the idea of illustrating the relative importance of the second vertical modes and their horizontal structure in a
We arc grateful to two anonymous reviewers. WC also thank the Catalan Research Commission (CIRIT) for having supported this work by ARM, AR89, and AR90 (E.R.). The English was reviewed by V. Greatorex-Davies. small lake, we ran different simulations in order to plan some field campaigns covering the whole stratification period. Although emphasis was put on higher vertical modes, the regularity and the horizontal structure of first vertical modes were also studied, together with the wind pattern.
Study area
Lake Banyoles is in Catalonia (Spain) at 42"7'-8'N, 2"45'-46'E.
Its main morphometric characteristics are shown in Fig. 1 , and the evolution of its vertical temperature structure corresponds to that of a holomictic lake. More precisely, mixing starts after the first month of autumn (September) and a month later the lake is unstratified until spring. Around April, a gentle stratification again develops; thus, the lake is stratified for half of the year. During summer, the temperature difference between the epilimnion and the hypolimnion is -5"C, and the metalimnion takes up a layer of 5 m, which is at a depth of -7 m. From midspring to early autumn, the thickness of the metalimnion represents about a third of the mean depth of the whole lake, which is equivalent to a fourth of the mean depth of southern lobe, the deeper of the two lobes composing the lake.
The characteristics of the winds blowing over the lake can be seen from the monthly compass cards of Fig. 2 . A characteristic wind pattern is fully developed from April to October, when the more frequent winds come from the northwesterly and from the southeasterly directions; the mean wind velocity ranges from 0.6 to 1.6 m s-l. These winds, locally known as marinada and contramarinada, are induced by the thermal differences between the land and the sea (which is -30 km from the lake) during the day and the night. During winter, the marinadasontramarinada regime is not present anymore and the prevailing wind, called tramontana, is from the north with bursts of up to 30 m s I.
In Fig. 3 the maximum entropy spectral analysis (MESA; Marmorino and Martimer 1978) of the wind components along the main axis of the lake (in the N-S direction) and transverse to it are represented during different periods from March 1990 to May 1991. The lengths of these periods carrespond to the measuring intervals, so that the lack of data while changing the data storing unit will not introduce false periodicities. From Fig. 3 , it can be seen that there is a significant peak at a frequency of 0.042 h ' (corresponding to a period of 24 h) from the last days of March to November, which is in accord with the marinada-contramarinada regime. Sometimes, however, another peak corresponding to a periodicity of 12 h is observed that can be identified as a harmonic of the (nonsinusoidal) varying wind. Finally, during winter, when the northerly winds become dominant, no periodicities are found.
Methods
We used three Aanderaa thermistor strings TR7 with a resolution of 0.01"C and an accuracy of 0.05"C. Data were recorded at set intervals of 5 or 20 m, which is not indicated in each case because it is not relevant for the discussion. The different stations where the thermistor strings have been located are shown in Fig. 1 : A, D, T2, E, and T Anytime that new temperature data are presented, the locations of the stations where they had been recorded IS given. Isotherms were ODtained by linear interpolation between temperatures recorded at every meter of depth. At station D, however, temperature data were sometimes recorded with a single thermistor sensor incorporated in an Aanderaa current meter. In this case, the depth of the different isotherms could not be computed, so seiches are discussed directly from temperature data. Finally, an Aanderaa meteorological station was placed 110 m from the west shore of the lake, 12 m above the ground.
Although the Defant model (Mortimer 1979 ) was mn in this work, the ntmwicaI methods mainly used to interpret and ax roborate the results are either the TVDC (two-layered variable depth complete; Horn et al. 1986; Stocker et al. 1987) or THVDC (three-layered variable depth complete) models (Salvadb et al. 1988 ). These models are widely described. Here we present some general information about the physics they incorporated. The well-known and useful Defant's model &em-min and Matimer 1986) is a nnidimensional two-layer model in which the discrete momentum and continuity equations are considered along the main axis of the lake, at different transverse sections, where the variables appearing in the model are integrated. The two layers-corresponding to the epilimnion and the hypolimnion-are considered unmixable and of constant density. Then, a simple harmonic motion of the interface between these layers is assumed so that solving the model consists of finding by successive approximations the periods of the stationary longitudinal waves in the thermocline. The conespending vertical displacements and horizontal velocities are &o predicted.
The TVDC and THVDC models use the same phvsical approximations as Defant's model. In these models, however, both horizontal directions are considered, so instead of integrating the different properties within the tmnsverse sections, variation in the two horizontal directions is taken into account. The word "complete," included in the denomination of both of these models, indicates that they can solve the zones where only one or two layers can be considered because of bottom morphometry and stratification state of the lake. The definition of the variables when passing from a three-layer to a two-layer zone or from a two-layer to a one-layer zone has been discussed by Salvad& et al. (1988) . As in Defant's model, the solutions of these two-dimensional models are also assumed to be harmonic and the stationary condition is fixed by the contour conditions. Accordingly, finding the solutions is equivalent to finding the eigenvalues (the frequencies) and the eigenvectors (the structure of the vertical displacements of the upper interfaces of each layer) of the system. For example, in modeling Lake Banyoles by the TVDC model when the thermocline is very sharp and at 8 m depth, we considered 687 cells of 40 X 40 m and had to find -1,157 unknowns.
As in the case of the wind, the MESA method (Barrodale and Erickson 1980: Stotz unwbl. rea.) was used to analyze the variation of the depth lo&ion of' different isotherms heduced from temporal series of water temperature data. Because in MESA, the order of the AR filter must be fixed, the FFT method was used as a reference. The results are not presented because all the peaks discussed here, obtained by MESA, were also predicted by the FFT method.
The normalized cross-correlation function was used to com- pare data recorded simultaneously at different points of the system. Furthermore, low-pass and high-pass Chebychev filters were applied to some recorded data to isolate the frequency band of interest. Both the cross-correlation function and the filters used in this work were constructed following Trampe (1981) .
Observations and notations
Because Lake Banyoles is formed by two main lobes connetted through a narrow and shallow neck (Fig. l) , both lobes can be considered to oscillate separately, as is usually assumed in multibasin lakes (Stocker et al. 1987 Frequency (h-1)
Frequency (h-1) Fig. 3 . MESA spectral analysis of the north-south (solid lines) and east-west (dashed lines) components of wind velocity. characteristic is found to be corroborated in Lake Banyoles by either the numerical TVDC or the THVDC models or the recorded data.
From recorded temperature data we observed that the amplitudes of the modes usually excited in Lake Banyoles are much greater in the southern lobe than in the northern lobe, which is also in accordance with the results predicted by the numerical models. Because of this, seiches in the southern lobe have been studied more widely than seiches in the northern lobe, although some data recorded in the northern lobe are also presented to discuss the modes of the whole lake.
The different modes of the internal seiches of the southern lobe discussed here are referred to as VnHm (according to Mtinnich et al. 1992) where m represents the number of the horizontal mode corresponding to the nth vertical mode. When we discuss the modes of the whole lake, we use the subindex "~1."
Results and discussion
Second vertical modes (V2Hl and V2H2) of the southern lobe-Because of the importance of the thickness of the metalimnion in relation to the mean depth of Lake Banyoles during the greater part of the stratification period, the metalimnion must be considered as an extensive layer and the lake should be represented by a three-layer model. In this case, internal horizontal seiches appear at the upper and at the lower interfaces of the metalimnion that can oscillate either in phase (wherein the first vertical modes are excited) or out of phase (wherein the excited modes are the second vertical ones, as in the case shown in Figs. 4 and 5).
In Fig. 4 the filtered vertical displacements of the 19.7, 18.2, and 17.6"C isotherms at station E located in the metalimnion were present from 6 to 10 September 199 1. The filters were a low-pass filter for the 19.7 and 17.6"C iso- therms and a high-pass for the 18.2"C isotherms; in both cases the cut-off frequency was 0.25 h -I. Figure 4 shows that in the 19.7 and 17.6"C isotherms there is a dominant oscillation of -7 h that moves completely out of phase. However, at the intermediate isotherm of 18.2"C, the dominant mode is -4 h. This last mode also oscillates completely out of phase between 7 and 9 m depth, but because there is a lack of temperature data at depths <7 m, this behavior cannot be evaluated from the isotherms.
The features discussed above can also be seen, more accurately and from another perspective, in Fig. 5 where the MESA spectral analysis of the data from frequency of 0.14 h-l (i.e. a period of 7.3 h) is clearly seen in the 19.7 and 17.6"C isotherms but not at the intermediate isotherm of 18.2"C, in accordance with the characteristic vertical distribution of the energy for a second vertical mode. On the other hand, from Fig. 5 , there is also a peak of energy around a frequency of 0.26 h-l (a period of 3.8 h).
The two main modes shown in Figs. 4 and 5 can be reproduced by the THVDC model (three-layered) when considering the mean thermal structure of the lake during the time that data were recorded; that is, when the metalimnion Tim.e shift (h) Fig. 7 . Correlation function between the filtered temperature data measured at 6-and 9-m depth.
is between 7 and 12 m and the temperatures of the epilimnion, metalimnion, and hypolimnion are 25.3, 19.0, and 17.9"C. Then, the modes V2Hl and V2H2 (corresponding to the V2II2,, and V2H5,,) predicted by the model have periods of 7.44 and 3.89 h, very close to the observed ones. The horizontal structures of these modes, both of them longitudinal, are drawn in Fig. 6 . More precisely, the isolines of the elevation amplitude at the upper and lower interfaces of the metalimnion have been drawn either with solid or dotted lines, depending on whether they are out of phase with one another. Station E, where data presented in Figs. 4 and 5 were recorded, is also shown in Fig. 6 .
From comparison of Figs. 4-6, we conclude that the second vertical modes of the southern lobe, V2Hl and V2H2, were simultaneously excited for >4 d in early autumn. During this time, no resonance between the wind and the seiche patterns was observed, although usually this is found when second vertical modes are excited (Wiegand and Chambcrlain 1987) . In Lake Banyoles, however, second vertical modes were excited during almost the entire stratified period, with the exception of the last month, when the thermocline became very sharp. In May 1990, at the beginning of the stratified period, waves of periods of -22 and 11 h oscillated completely out of phase at different depths in the southern lobe. These modes could also be reproduced by the THVDC model, corroborating their identification with the V2Hl and V2H2 modes. The temperature data recorded on that occasion at station E (Fig. 1) are indirectly presented in Fig. 7 , where the correlation function between temperature measured at 6 and 9 m depth is represented. These data, which were recorded every 20 m from 1 to 19 May were filtered with a low--pass filter with a cut-off frequency of 0.1 h I. The correlation function had a periodic behavior of -22 h and presented a minimum when there was no time shift. Such characteristics indicate that the oscillation of a period of -22 h moves completely out of phase between 6 and 9 m. On the other hand, in Fig. 7 , another periodicity of -11 h also moves out of phase between the two depths considered, corresponding to a second vertical mode.
Two different second vertical modes were thus excited . Correlation function between the 17.6 and 2OS"C iso-18.1 and 17.4"C isotherms after the mean slope was removed.
therms.
simultaneously for >15 d at the beginning of May (i.e. 4 months earlier than the case discussed in Figs. 4-6 ). In the period between the two cases in these figures and in Fig. 7 , second vertical modes were also measured, as seen in Fig.  8 . The correlation function represented in Fig. 8 was computed from the depth location of the 18.1 and 17.4"C isotherms, measured from 26 June to 3 July at station E (see Fig. I ), after removing the mean slopes of each series of data, which were 2.23 X 10 3 "C h-l and 3.17 X lo-' "C h-l. From the periodic behavior of the correlation function, an internal wave with a period of -8.5 h is deduced to move out of phase between the depths of 6.5 and 7.5 m, which are the mean depths where the 18.1 and 17.4"C isotherms are found during the period considered. Such a wave is a second vertical mode, V2H1, although again no direct coupling between the wind and the seiche can be assumed. Finally, in Fig. 8 another mode of -4.5 h is also seen, but in this case it moves in phase between the two isotherms considered and, in accordance with the TVDC model, corresponds to a first vertical mode, the VlHl . Thus, the second vertical modes from Figs. 4 to 8 were recorded at different moments in the stratification period (May, June/July, and September); they illustrate that second vertical modes are easily excited in Lake Banyoles, although direct coupling between the internal seiches and the wind is not found. More precisely, the modes V2Hl and V2H2 have been identified as presenting amplitudes > 1 m, and their periods range from -22 to 7 h and from 11 to 3.5 h, respectively, depending on the stratification of the lake. The first vertical mode, Vl HI, has also been observed to be excited simultaneously with the V2Hl mode.
The transversaljrst vertical mode (VIH3) of the southern lobe-As shown above, in Lake Banyoles first vertical modes were excited simultaneously with second vertical modes (Fig. 8) . Here, however, emphasis is put on the fact that many times the excited first vertical mode is transversal. This was the case on 25 and 26 October 1991, as can be deduced from Fig. 9 where the correlation function between the depth location of the 17.6 and 20.5"C isotherms (at a Time shift (h) mean depth of 14.2 and 11.0 m, respectively) at station E ( Fig. 1) is presented. This correlation function presents two different periods, one of -8 h and the other slightly >l h. When we consider the behavior of the correlation function in reference only to the period of -8 h (that is, not considering that of 1 h), then when there is no time shift the correlation between the two isotherms consider-cd is minimal, indicating that these isotherms oscillate out of phase, at 8-h periods. Accordingly, when we consider the stratification of the lake on this occasion, the THVDC model predicts that the V2Hl mode of the southern lobe, which has a longitudinal structure, has a period 8.28 h. Consider the shorter periodicity of -1 h of the correlation function in Fig. 9 . In this case, when the time shift is zero, the correlation function reaches a relative maximum, which corresponds to the maximum correlation for the oscillation of -1 h. Therefore, the 17.6 and 20.5"C isotherms are oscillating in phase with a period of -1 h. Moreover, this mode oscillated in phase at all the depths where it was recorded, which corresponds to a first vertical mode. Given the assumption that the oscillation of -1 h is a first vertical mode, its period cannot be obtained with the THVDC model (threelayered). However, the TVDC model (two-layered) predicts that the first transversal mode of the southern lobe (VlH3) has a period of 1.14 h, which is very close to the observed one.
The structure of the V 1 H3 mode of the southern lobe corresponds to the VlH7,, mode of the whole lake, which is represented in Fig. 10 by a scheme similar to that in Fig. 6 . The amplitude values between two successive isolines of the vertical displacements of either the surface layer of the lake or the thermocline are indicated in brackets next to the respective references-surface displacement and thermocline displacement. In Fig. 10 , the velocity field for the VlH7,, mode is also shown when the amplitude of the seiche is assumed to be 1 m.
The identification of the shorter mode deduced from Fig.  9 with the transversal mode predicted by the TVDC model and represented in Fig. 10 is supported by the fact that the structure of the wind pattern on that occasion also explains the excitation of a transversal seiche. This can be seen in Fig. 11 , where the squared velocity of the wind and its direction are presented for the 2 d that temperature data presented in Fig. 9 were recorded. Note that in Fig. 1 la the scaling for the y-axis is logarithmic. Finally, in Fig. 11 c, the variation of the depth location of the isotherm of 21.4"C recorded at station E (see Fig. I ) is also represented. From Fig. 1 lc, we see that from hour zero an oscillation of -1 h is already present in accordance with the fact that the mode VlH3 is almost always excited (Roget 1992) . However, after the 13th hour, the 21.4"C isotherm rose -30 cm (from 9.8 to 9.5 m depth) and this mode became dominant. What happened at the 13th hour can be seen in Fig. 1 la and b , which show that a strong wind blew at the 13th hour, with a direction of between 315" and 340". Because of the high westerly component of this wind, the water was forced to flow from the western shore to the eastern shore, creating a pressure gradient that forced the thermocline at station E, located next to the western shore, to rise (see Fig. 11~ ). On the other hand, the northerly component of the wind might have energized the longitudinal mode V2H1, which as can be seen from Fig. 9 and also Fig. 1 lc, is simultaneously excited. Because Lake Banyoles has a north-south orientation, the fact that during the stratification season the stronger and more frequent winds come frtim the northeasterly and southwesterly directions (see Fig. 2 ) means that the effect of the Fig. 9 were recorded. The evolution of the 21.4"C isotherm at station E is shown in panel c. wind in both the longitudinal and the transversal directions of the lake are important. Thus, simultaneous excitement of longitudinal seiches with transversal ones is the usual response of Lake Banyoles to wind forcing (Roget 1992 ). In Fig. 5 , for instance, where the longitudinal modes V2Hl and V2H2 of the southern lobe were identified, the energy peak at a frequency of 0.8 h-I corresponds to the transversal mode VlH3.
Internal seiches of the whole lake-As has been discussed, during the greater part of the stratified period in Lake Banyoles, longitudinal first vertical modes are not usually dominant either in the southern lobe or in the whole lake; however, this is not the case at the end of autumn, when the thermocline is very sharp and the VI H2,, mode is easily excited. In the literature, first vertical modes along the main axis of a lake are widely described and are easily reproduced by unidimensional models. In the case of Lake Banyoles, the structure of the mode VlH2,, predicted by Defant's model, when considering the characteristic thermal structure of the lake in the middle of October, is shown in Fig. 12a . This structure is characterized by a difference of density between the epilimnion and the hypolimnion of 375 kg m 3 and the thermocline is at a depth of 8 m. Tn this Figure tion 12, which indicates the existence of a node, as is usually assumed in the neck of multibasin lakes (Stocker et al. 1987 ). This has been tested with a two-dimensional model (the TVDC), the result of which is shown in Fig. 12b .
Experimental data recorded in Lake Banyoles, which is discussed below, show that the node of the V 1 H2,, mode is in the southern part of the southern lobe as predicted by the TVDC model. However, because the thalweg in the lake is not well defined, choosing a thalweg slightly different from that in Fig. 12a might have brought us to a closer prediction by both methods. However, even in this case, the relative difference between the periods predicted by Defant's model and the TVDC model is small. More precisely, on this occasion the relative difference between the modes predicted by both models is only 2.5% (i.e. 6 m).
In Fig. 13 , temperature data recorded at stations D, T2, and E (see Fig. 1 ) at lo-and 1 l-m depth are represented during a period when the mode VlH2,, was excited, which is corroborated by the concordance between the observed period of -4 h and that predicted by the numerical models. At station E, another mode (different from VlH2,J was dominant; however, the mode -4 h that was dominant at station D was also present at station E and oscillated completely out of phase between this station and station T2, as predicted by both Defant's and the TVDC models (Fig. 12) . Furthermore, when data recorded at stations D and T2 are compared, the mode of -4 h oscillated in phase, which corroborates the result of the TVDC model. If only the southern lobe is considered, the TVDC model predicts that the period of the VlHl mode is also close to the corresponding VlH2,, mode of the whole lake. Moreover, the structure of the seiche at the southern lobe for modes Vl Hl and V1H2,v, is also the same in both cases. Thus, to predict the period and even the main structure of the seiche, it is reasonable to assume that both lobes can be considered isolated from each other, as Defant's model predicts, as a first approximation. However, care has to be taken with the detailed behavior (displacements and velocities) around the neck.
Similarly, and with regard to the TVDC predictions, correspondence between all the first vertical models of the southern lobe and some of the whole lake can be found: the mode VlH2 corresponds to the VlH5,, of the whole lake at the southern lobe, the VlH3 to the VlH7,,, the VlHl to VlH2,,, etc. There is an analogous correspondence between the second vertical modes of the southern lobe and those of the whole lake (Roget 1992) . In fact, during most of the stratified period, second vertical modes are recorded at both lobes, and they can be modeled either as stationary modes of any one of the lobes or of the whole lake. However, during the time that this occurs, the first vertical modes are only usually found in the southern lobe. This is the case shown in Fig. 14 , where the MESA spectral density analyses of data recorded from 17 September to 2 October 1990 at station E in the southern lobe and at station A in the northern lobe (see Fig. 1 ) are presented; the degree of freedom in the MESA analysis (time-series length/filter length) was 13. During this time, the lake could be considered a three-layered system, with the metalimnion extending from 7-to 12-m depth and the mean temperature of the epilimnion, metalimnion, and hypolimnion being 23.4, 19.1, and 18.1"C. Figure 14 shows that the significant peaks at frequencies shorter than 0.4 h-l are about the same in both lobes, indicating that the corresponding oscillations affect the whole lake. The case of the peak corresponding to a frequency of 0.041 h-l (and so a period of 24 h) could not be explained either by the THVDC or by the TVDC models. However, considering that the characteristic wind during this time had a periodicity of 24 h (see Fig. 3 ), this oscillation can be interpreted as a nonstationary oscillation forced by the wind.
On the other hand, the first two second vertical modes of the whole lake predicted by the THVDC model, V2Hl,, and V2H2,,, correspond to the two following peaks of energy in Fig. 14 at frequencies of 0.084 and 0.140 h I (i.e. with periods of 11.9 and 7.14 h). Furthermore, the frequencies of the next four second vertical modes predicted by the THVDC model are relatively close to the following peaks seen in the spectra of Fig. 14 , and the relatively small differences between the observed and the predicted modes, ranging from 3 to lo%, make their identification reasonable. The difference in significance of these peaks in the two lobes can be explained by the location of stations E and A in relation to the structure of the modes. Also, the maximum vertical amplitude of some modes is very different from one lobe to the other.
Finally, in Fig. 14 the energy level at the northern lobe drops at frequencies BO.4 h-l, although that is not the case in the southern lobe where first vertical modes are deduced to be excited; the frequencies of the energy peaks coincide with those predicted by the TVDC model. More prcciscly, the V 1 H 1, V 1 H2, and V lH3 modes of the southern lobe are excited, the first two being longitudinal modes and the last a transversal mode.
Conclusions
During most of the stratified period, the internal seiche climatology of Lake Banyoles is dominated by second vertical modes, although no direct coupling with the wind is found. These modes are more easily recorded in the southern lobe, where their amplitude (>I m) is much larger than in the northern lobe, as is predicted by numerical models. In fact, the second vertical modes of the whole lake, V2H2,, and V2H5,,, which reproduce the recorded oscillations of the isotherms, correspond to the first two second vertical modes of the southern lobe, V2H1 and V2H2. The measured periods of these modes, which have a longitudinal structure, range from 22 to 7 h and from 11 to 3.5, respectively. That the second vertical modes are so easily excited suggests that in other similar lakes with a thick metalimnion, these modes could also be easily recorded, if this is planned in the experimental design.
Simultaneously with the excitation of second vertical modes, first vertical modes with much shorter periods have also been recorded in the southern lobe. That is the case of the VlH2 mode and of mode VlH3. This last mode is transversal and is found to be the most active first vertical mode-it is almost always excited and can even dominate over the second vertical modes. This transversal mode, however, is observed clearly only in the southern lobe, although it corresponds to the V1H7,v, mode of the whole lake. The amplitude of the VlH7,, mode in the northern lobe, however, is predicted to be only a fifth of the amplitude in the southern lobe.
During the last weeks of the stratified period, when the thermocline becomes very sharp, the second vertical modes are no longer observed and the first vertical mode of the whole lake (Vl H2,,), which is a longitudinal mode, becomes dominant together with the Vl H3, which remains active. The transversal modes are usually active because during the stratification period, the lake is subjected to a regular daily wind regime that affects both the longitudinal and the transversal directions of the lake. Finally, daily nonstationary oscillations forced by the wind are also common during the entire stratified period.
